Apart from contributing to greenhouse gas emission, flared gases create trade-off emissions such as carbon (iv) oxide (CO 2 ), methane (CH 4 ), nitrogen oxides (NO X ), sulphur oxides (SO X ) and water vapour. The impact of such flared gases is of both local and global concern. Therefore, the purpose of the present study is to review current literature on gas gathering and utilization and to determine the most efficient and economic means of harnessing flared gases in order to contribute to the attainment of the "no routine flare" policy of government and reduce greenhouse gas emission. In this paper, analysis is made of energy and gas flaring trends in Nigeria by examining available data with a view to understanding the possible impact of the recovered gas on gas supply in the country. A comparison of traditional gas gathering technologies to gas ejector technology is also made. This study found that despite efforts to reduce gas flaring in Nigeria, about 81% of gas flared in the last 6 years is from Service Contract (SC), Sole Risks/Independent (SR/I) and Marginal Fields (MF) companies most likely because of the high cost of investment in gas gathering utilities and lack of market for gas and gas products. Thus, this paper identifies gas ejector technology as a viable compression equipment to cut compression costs. Given the current excess gas capacity of the country and the Nigerian power market which is currently undersupplied and generates significant greenhouse gases (GHGs), this paper recommends the use of the recovered flare gas for power generation, which will not only directly help to reduce Nigeria's contribution to GHG emission from flaring, but also substantially help to cut down her overall emission level mainly from the industrial use of fossil fuel for power generation and wood fuel for heating.
Introduction
The emission of greenhouse gases (GHGs) especially carbon dioxide (CO 2 ) has been reported to be the major factor behind recently observed changes in climate extremes such as storms, floods, and heat waves as well as increasing global temperatures and rising sea levels. Gas flaring impacts climate change by adding about 400 million tons of CO 2 in annual emissions [1] . In Nigeria, gas flaring has been a major means through which green houses gases (GHGs) are released into the atmosphere. Carbon dioxide emissions especially in the Niger Delta are among the highest in the world [2] .
Though the emission level in Nigeria is not so significant on a global scale, however, international cooperation is required to effectively mitigate GHG emissions and address other climate change issues [3] . Thus, a number of efforts targeted at zero routine gas flaring have been made including the Federal Government's "no routine flare" deadline of December 2010 (which was not achieved), expansion of the local gas market via the National Independent Power Projects (NIPP) and the development of Associated Gas Gathering (AGG) Projects for gathering associated gas to a processing and treatment facility or gas pipeline system. Despite these efforts, flaring has continued in the country. The main challenges amongst others include:
The variable volume and low pressure (usually near atmospheric) of separated associated gas due to significant pressure reduction in the separators in order to achieve maximum oil recovery and stabilisation. The cost of compression requirement for gathering these low pressure gases for flaring reduction projects especially for marginal fields and
The lack of gas and gas products market given the already surplus gas capacity of the country. Therefore, this research work is a review of current literature on the application of gas ejectors (claimed to be economical for pressure recovery) to the recovery of marginal and low pressure (LP) flared gases in order to reduce GHG emissions, improve sustainable development and increase revenue.
Literature Review of Crude Oil Processing
Petroleum reservoirs contain natural gas formed as a gas cap trapped between the petroleum and an impervious capping rock layer. Under the very high pressure conditions usually found in the reservoir, the gas is mixed with or dissolved in the crude oil (known as associated gas) and always accompany oil production as a by-product.
During oil production at the production platform, the reservoir fluid (oil, gas, water and sediments) flows out into the well-bore and is channelled into production separators located at the flow station to remove high and low pressure gases from the oil [4] . On leaving the production separators, the oil and the remaining gas in solution is directed to the surge tank where the gas remaining in oil is separated near sea level pressure [5] . The separated gas collected from the top of the surge vessel is a LP gas resource. Figure 1 is an overview of the oil production process. To achieve maximum liquid recovery and stabilized oil and gas, and separate water, the pressure of the reservoir fluid is often reduced in several separation stages (high pressure separator, low pressure separator, etc.) resulting in a low pressure gas from the last stage of separation (usually called surge vessel or low pressure (LP) separator), because a large pressure reduction in a single separator will cause flash vaporization leading to instabilities and safety hazards [6] . Thus, the produced gas from the separators usually at low pressure near atmospheric requires compression in order to be transported to the consumer via a gathering line or liquefaction; else it is sent to the flare.
Materials and Methods
The material used for this research is Gas Ejector System. The method adopted in the analysis involves operational principles of a gas jet ejector, best approach to flare gas recover, gas production and utilization in Nigeria was presented and compared using standard table and graph.
Gas Ejector System
Traditional gas compression technologies being applied to associated gas recovery is very costly especially for a low pressure gas resource with variable volume. Thus, increased interest in fuel conservation, waste heat utilization, and cost reduction has stimulated recent upsurge in the use of gas ejectors as alternative boosting system especially in the natural gas industry.
The use of gas ejectors in upstream oil and gas production has been increasing in the past decade due to development work to improve their performance and efficiency and the adoption of robust designs to meet the stringent requirements of the oil and gas industry. The key factors which affect the attractiveness of these systems are the maximum use of the available energy in each field or platform, simplicity, reliability and low capital cost which make them ideal for marginal fields which cannot afford the high capital and operational costs of alternative boosting systems. Gas ejectors have been used in applications for the recovery of flare gases, oil well production boosting, subsea processing, and sand slurry pumping [7] . A typical ejector configuration is shown in Fig. 2 and comprises of a nozzle, mixing chambers and a diffuser. 
Operational Principles of a Gas Jet Ejector
High pressure natural gas from a fuel gas system or high pressure separator is commonly used as the source of motive gas. Conversion of pressure energy into velocity takes place when the motive gas accelerates and expands while passing through the convergent/divergent nozzle. The velocity of the gas is increased substantially in the primary nozzle to produce a supersonic flow, which creates a low pressure zone at the mixing chamber -lower than the suction pressure of LP gas. The partial vacuum created by the supersonic primary flow entrains the suction gas through momentum transfer. Both gases are then mixed in the mixing chamber and enters a normally choked (sonic flow conditions) at the throat. The flow expands in the diffuser part of the nozzle through a thermodynamic shock process, which results in a sudden rise of the static pressure. The flow emerges from the Gas Emission Reduction in Nigeria shock wave with subsonic velocity and pressure recovery. The mixture is further compressed in the diffuser to an intermediate pressure level between HP and LP pressures.
Approach to Flare Gas Recovery
A 2-stage gas ejector system designed to suck the low pressure (LP) and surge vessel (SV) gases is installed after the LP and SV separators respectively ( fig. 3 ) to compress the SV gas to LP gas and LP gas to HP, which will meet the pipeline sale gas pressure of 70 bars. The discharge gases from the SV and LP ejector is refluxed to their respective suction streams to help accommodate changes in process gas condition. The gas ejector system uses high pressure motive gas from the compressor turbine stream of the fuel gas system. This ensures that the pressure of the motive gas is fairly stable.
Results and Discussion
Gas production and utilization in Nigeria extracted from NNPC Annual Statistical Bulletin, 2000-2013, the Nigeria gas market and alternatives for gas utilization are presented. The design and performance of gas injector system is also discussed. When crude oil production started in 1958, the quantity of associated gas produced along with it was considered insignificant and apart from a small proportion used to run some equipment and facilities, majority of the gas produced was flared. Over the years, there has been a growing utilisation of natural gas in the country (figure 4). Apart from the use of produced gas for fuel, the only other use of the produced gas by these companies was for sale to third parties (NNPC ASB, 2009-2013). The cost of investment in gas gathering equipment may be a big contributing factor. The above figure shows that there exist a significant opportunity for investment in the use of recovered gas for power generation. Accordingly, the most gas at the period under review has been used by third parties especially industries for independent power projects. While the increasing potential for liquefied natural gas (LNG) or gas-to-liquid (GTL) will help to alleviate the problem of lack of market for gas products, it will likely not be economically feasible for at least 3 more years (Table 1) . Only the use of gas for power generation has the shortest lead time (> 1 year) and a large growing market (Fig 6) .
Gas Production and Utilisation in
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Design and Performance
Although, it is generally reported to have low efficiency, recent research has helped to significantly improve its performance. Motive: suction expansion pressure ratio of 14.0 and compression (discharge: suction) pressure ratio of 8.1 is reported as optimum design [9] . Its design incorporates robust material selection that could withstand the hash process conditions of natural gas applications. The use of changeable nozzle and diffuser allows for flexibility when process condition changes.
Replacing the traditional boosting system with the ejector will result in significant savings in capital expenditure (CAPEX) and operational expenditure (OPEX). The capital cost of the ejector is much less compared to available traditional gas boosting technologies; maintenance cost is highly reduced (no moving parts), making the gas ejector highly available -attractive for remote installations. The ejector does not require any external source of power supply, rather it uses high pressure motive gas stream usually available in production platform thus, cutting down the cost of power generation. High amount of heat of integration is available for use in other applications. Above all, emissions of greenhouse gases are eliminated.
Conclusion
As observed in figure 5 above, most gas is still being flared by Service Contract (SC), Sole Risks/Independent (SR/I) and Marginal Fields (MF) companies (about 81% of gas flared in the last 6 years) most likely because of the cost of investment in gas gathering utilities. The use of gas ejectors in the recovery of flared gases will not only reduce process costs but will also help to reduce the capital costs and cost of power for these companies.
Given the short lead time for power generation project construction, and the large growing domestic market (current power generation capacity of about 4000MW way too small for a population of about 150 million people), the use of the recovered gas for power generation is a short term strategy that will not only help to reduce GHG emission (especially from the increased use of private generators popularly called "pure water generator", diesel generators for industrial power generation with its attendant noise and air pollution, and wood fuel (of higher carbon content) for heating and other purposes), but will also result in increased revenue from sale of recovered flare gas and enhance sustainable development.
